Fuchs' heterochromic cyclitis: review of the literature on the pathogenetic mechanisms E La Hey, P T V M de Jong, A Kijlstra Fuchs' theory Ernst Fuchs, who first described this disease in 1906, assumed that the syndrome was caused by a noxious factor of unknown origin, which was active from fetal or early postnatal life.' First, the normal development of uveal pigmentation would be inhibited, resulting in heterochromia (Fig 1) . Later, the eye would respond to this pathological agent by a low grade inflammation. Many objections were raised against Fuchs' theory. The heterochromia was not always congenital and there were no signs of overt ocular inflammation.
Sympathetic theories
The sympathetic theories are based on the fact that sympathetic lesions may be followed by iris hypochromia. Bistis introduced the idea that some 'trophic' defect in the sympathetic nerve system inhibited the normal process of uveal pigmentation. 23 Two other conditions have also been associated with Fuchs' heterochromic cyclitis (FHC) and a sympathetic defect -'status dysraphicus' and progressive facial hemiatrophy (Parry Romberg syndrome).245 'Status dysraphicus' was described as a microform of syringomyelia, which was believed to be due to a faulty closure of the primitive neural tube. Sometimes FHC was its sole manifestation.2 Other abnormalities frequently reported to be part of 'status dysraphicus' were67 8: (1) Marfan syndrome and the Parry Romberg syndrome; (2) skeletal abnormalities, such as kyphoscoliosis and 'funnel chest'; (3) florner's syndrome, pigment asymmetry of the nipples; (4) sensory and motor neuron disturbances, such as acrocyanosis, involvement of the fifth, sixth, and seventh cranial nerves.
In 1973, Loewenfeld and Thompson2 rejected the sympathetic theory. In their literature review of 1746 cases with FHC, only 25 cases (1-4%) with FHC and Horner's syndrome were found. This was said to be too low an incidence to indicate a relation between FHC and the occurrence of a sympathetic defect (Homer's syndrome).2 Loewenfeld and Thompson, however, did not compare this figure (1 -4%) with the product of the prevalence of the separate diseases in the general population, which is necessary when a clinical (epidemiological) association is investigated. No evidence was found for the existence of 'trophic sympathetic nerve fibers' and it was proved that 'status dysraphicus' was a manufactured syndrome without existence in reality. found in a recent electron microscopic study on human skin biopsy specimens.22
The iris hypopigmentation in FHC and Horner's syndrome may be due to a common factor: a defective production of melanin granules caused by inadequate function of the adrenergic nerves. Furthermore, defective adrenergic innervation of blood vessels in FHC may cause increased permeability of the blood-aqueous barrier with subsequent leaking of proteins, cells, and inflammatory mediators into the aqueous. (Fig 2) . Another explanation may be that the prevalence of Toxoplasma retinochoroiditis differs between populations4' as shown by a difference in prevalence of antibodies against Toxoplasma gondii. 42 Moreover, Toxoplasma gondii strains may vary in their virulence.45 Therefore, it is important that a control group from the same population is studied simultaneously. This was done in four studies.3"38 A significantly higher percentage of patients with FHC had chorioretinal scars consistent with ocular toxoplasmosis than these control groups.
Hereditary theory
In a recent study,38 the association between FHC and toxoplasmosis-like scars could not be substantiated by laboratory tests for toxoplasmosis.38 No active chorioretinal lesions, however, were present in the patients with FHC at the time of sampling.38 Moreover, Toxoplasma serology has no definite diagnostic value for ocular toxoplasmosis, since in the general population a high prevalence of positive titres also exists. In addition, even in children with definite ocular toxoplasmosis a negative Sabin-Feldman dye test was sometimes encountered.
(2) Schwab34 recently reported that in five of his 16 patients with FHC and toxoplasmosis-like lesions the typical corneal precipitates (Fig 3) gen(s), in comparison with the usually inferior distribution of keratic precipitates in other forms ofanterior uveitis. Indeed, as reported by Foets,6970 human corneal endothelial cells should be considered as 'active' immunomodulating cells because of their ability to express MHC class II antigens and immune adhesion molecules. The sensitisation against retinal S antigen found in patients with FHC,4 is even more conspicuous. Arrocker7' and Murray72 independently demonstrated that a high proportion of patients with FHC had an increased level of interleukin 2 receptor (IL-2R), a marker of (T) lymphocytic activation. Such a high incidence of cellular autoimmunity against various ocular antigens is remarkable.
One has to keep in mind that the eye is an immunologically privileged site, as shown by the ACAID (anterior chamber associated immune deviation) phenomenon: when soluble antigens are placed within the anterior chamber, a systemic antigen specific inhibition of delayed type hypersensitivity (DTH) to this antigen occurs.73 Also within the anterior chamber itself, expression of cell mediated immunity of DTH is strongly inhibited.7475 The aqueous humour in normal eyes seems to be a powerful inhibitor of certain aspects of antigen driven T cell function, a capacity which may be largely conferred by the cytokine transforming growth factor B (TGF-B) secreted by iris and ciliary body parenchymal cells, and the neuropeptides, a-melanocyte stimulating hormone (a-MSH) and vasoactive Because the stromal melanocytes of the iris are the neural crest, it is important to remark thai been suggested to play a crucial role in the diffe neural crest cells into the connective tissues of tk embryogenesis."8 Via a complex pathway of a secondary (a response, a congenital Toxoplasma gondii infec responsible for the secondary development of Fl subset ofpatients. Nussenblatt8" suggested that t] tory retinal response in ocular toxoplasmosis i part, autoimmune. Also, in FHC a secondary response may play a role. When a mother is infi pregnancy, the neurotrophic Toxoplasma pa migrate into the retina. In utero, in patients wi Toxoplasma parasites may also have migrated i Toxoplasmal cysts have been found in the iris.83 local destruction of these tissues (iris, retina), potent ocular antigens into the circulation may re to a sensitisation against retinal (S) antigen(s antigens. A cellular autoimmune response to S a be demonstrated in patients with FHC.48 Whetl immune response against iris antigens exists in FHC has not been investigated. One can also in the Toxoplasma parasites have gained access to ti pregnancy, they may have altered the producti4 and the neuropeptides a-MSH and VIP, by a 14 tion of the iris and ocular neurons. This mE disturbance of the immunosuppressive prope aqueous humour (ACAID) and subsequently ment of an anterior uveitis. Indeed, recently found to be decreased in experimental uveitis.4
In addition to toxoplasmosis, FHC has been combination with a retinitis pigmentosa-like ture,.5.87 ocular trauma,3588 the subclavian steal hemifacial atrophy,"' 9' Homer's syndrome, 12 
